
^-t^ "^^x, illlliiilBHHn 

AU9473975 



(12) PATENT ABRIDGMENT (11) Document No. AU-B-73975/94 
(1 9) AUSTRALIAN PATENT OFFICE (1 0) Acceptance No. 683080 

(54) Title 

LATEX-BASED COATIMG COMPOSITKDN 

International Patent Classification(s) 
(51)^ D21H 019/58 CO 8F 002/38 

(21) Applrcation No. : 73Sfri5/94 (22) Application Date : 08.07.94 

(87) PCT Publication Number : WO95/02087 

(30) Priority Data 

(31) Number . (32) Date (33) Country 

9314149 08.07.93 GB UNITED KINGDOM 

(40) Publication Date : 06.02.9$ 

(44) Publication Date of Accepted Application : 30.10.97 

(71) Applicant(s) 

THE DOW CHEMICAL COMPANY 

(72) Inventor(s) 

FRIEDERiKE THERESIA STOLLMAIER; DOMINIK MARTIN ELSAiSSER; PEKKA JOHANNES 
SALM1NEN 

(74) Attorney or Agent 

SPRUSOM & FERGUSON , GPO B0X 3898, SYDNEY NSW 2001 

(56) P+ior Art Documents 
US 4148770 

EP 295309 
BP 469Sr54 

(57) Claim 

1. A polyn:ieric latex composition having a glass transition temperature 
between ~10°C and prepared with a sulfur- and halogen-free chain transfer agent 

comprising, in polymerized forr^i, <A) from 10 weight percent to 80 weight percent of 
monovinylidene aromatic monomer{s); (B) from 0 weight percent to 65 weight percent of 
conjugated diene monomer(s); (C) from 0 weight percent to 70 weight percent of aery late 
monomer(s); and (D) the remaining amount of ethylenically unsaturated carboxylic acid 
monomers, nitrile monomers, vinyl ester monomers, hydroxyaIkyl(meih)acryIate 
monomers, alkoxyalkyl(meth)acryIate monomers or (meth)acrylamide monomers; with the 
proviso that the combined wei^fit percentage of components (B) and (C) is greater than 
zero and wherein the Sulfur- and halogen-free chain transfer agent is an abietic acid- 
containing rosin. 



BEST AVAILABLE. GORY 



. OPI DATE 06/02/95 APPLN. ID 73975/94 
AOJP DATE 16/03/95 PCT NUMBER PCT/US94/0762a 

EN'i _ 



n 



AU9473975 



(51) IttlerBadonal PSsteat Classification ^ : 
D21H 19/58, C08F 2/38 



Al 



(11) [nteniatloiial Publlcatioii Number: WO 95/020S7 

(43) IntematioBal PafolicatioB Date: 19 ianuazy 1995 (19.01.95) 



(21) lAteniatloDal Appticalion Number: PCr/US94A)7622 
(Z2) Intematloiial Filing Date: S July 1994 (08.07.94) 



(30) Priority Data: 
9314149.7 



8 July 1993 (08,07.93) 



GB 



(71) Ap^ifcant (for all designated Stares except USh THE DOW 

CHEMICAL COMPANY [USAJS]; 2030 Dow Center^ Ab- 
bott Rq»I» MidIaod« MI 48640 (US). 

(72) Inventors; and 

(75) Inventors/AppUcants (for US onfy)x STOULMAD^ 
Friederik:©, Theressia {DE/DE]; Gocthestiasse 21, IV76307 
Langensteiiibach (DE). ELSAESSER^ Dominik^ Mardo 
[DE/DE]; KirchgSassc 2A, D^77886 Lauf (DE). SALMI- 
H^EH^ Peicka, Johannes [FI/CHl; Im Haagetli 4, CH-8854 
Siebnen (Oi). 

(74) Agents HAYHURST, Paul, D.; The Dow Chemical Company, 
Patent Dept., P.O. Box 1967. Midland, MI 48641-1967 
(US). 



(81) Designated Statest AU, BR, CA, Fl, JP, KR. US, European 
patent (AT, BE, CH, DE, DK. ES, FR, GB. GR, IE, IT. LU. 
MC» NL, PT, SE). 



Published 

With international search report* 
Before the ^jq>iration of the time limit for amending the 
claims and to be republished in the evenf. of the receipt oS 
eunendmenis. 



683080 



(Si^Tftlet LATEX-BASED COATING COKfiPOSmON 
(5^ Afaatmct 

Ibe pnsKiQt invention lefoa to p^yster latex compositions, such as, for exanq>le, styieno-botuSebe-based 8Qfren&-acffyIat&*ba3ad 
iatkaca, pz^^s:^^ with suifup- and ha2pgen*£pse cisais irans^era^^nts, wherein the suKfur- and hakigen-finee chain finmsfers^nta aite abi^ic acid^ 
'Containing fc^sittft. such as atnetie acid-cootainiag gum losin. T^e pdynttr latex eompositions of the piesent invention exb9iit surprisiB^^y 
hig^i bia<&ig jf2iengtfa despite hi^ gel content, and a balanced application piofile of {saper gloss, ixdt gloss and ink setM>fif pic^erdes. The 
polymer late^ cooqwsitions of tlifr: present invention fiicther exhibit die advantage of bdtfg of less odor than Qrpical laiex-basod ps^mr^oating 
coBZ^mili6na. 



1 

Latex*Based Coating Composition 

The present invention refers to polymer latex compositions, more particularly, to 
polymer latex compositions prepared with a sulftir-free and halogen-free chain transfer 
agent useful in paper coating applications. 
5 Polymer latices useful in paper coating applications need to provide good dry and 

wet pick strength properties. It is well-known that sulfur- and halogen-containing chain 
transfer agents provide polymer latices with molecular weights suitable to exhibit high 
strength. Haiogenated chain transfer agents have been extensively used in the past, 
however less and less in the recent years due to environmental concerns. On the other 
10 hand, sulfur-containing chain transfer agents, under certain extreme application 
conditions^ can lead to undesirable odor contribution in the coated paper. 

In view of the outlined deficiencies, there is still a need for polymer latex 
compositions which are prepared with sulfur-free and halogen-free chain transfer agents, 
whose binding properties, that is, wet and dry pick strength properties, remain 
15 comparable to a polymer latex composition/ prepared with sulfiir-containing and/or 
halogen-containing chain transfer agents. 

Accord' % in one asp^t, the present invention is a polymeric latex composition 
having a glass transition temperature between -10°C and 70^C prepared with a sulfur- and 
halQgen-free chain transfer agent comprising, in polymerized form, (A) feom 10 weight 
20 percent to 80 weight percent of monovinylidene aromatic monomer(s); (B) flrom 0 weight 
percent to 65 weight percent of conjugated diene monomer(s); (C) from 0 weight percent 
to 70 weight percent of acrylate mondmer(s); and (D) the remaining amount of 
ethylenically unsaturated carboxylic acid monomers, nitrile monomers, vinyl ester 
monomers, hydroxyalkyl(meth)acrylate monomers, alkoxyalkyl(meth)acrylate monomers 
25 or (meth)acrylamide monomers; with the proviso that the combined weight percentage of 
components (B) and (C) is greater than zero and wherein the sulfur- and halogea-free 
chain transfer agent is an abietic acid-containing rosin. 

Surprisingly, it has been found that the polymer latex compositions of the present 
invention which are prepared by using an abietic acid-containing rosin as a chain transfer- 
so agent give, under certain extreme application conditions, less odofir than latex 
compositions prepared with the ustial sulfur-based chain transfer agents, while exhibiting 
unexpectedly good binding properties, such as high wet and dry binding strength despite 
high gel content, and a balanced application profile of paper gloss, ink gloss and ink set- 
off properties. 

35. Latices useful in the practice of the present invention include latices prepared with 

sulfur- and halogen-free chain transfer agents comprising an aqueous dispersion haying 
dispersed therein a polymeric phase, comprising, in polymerized form, monovinylidene 
aromatic mofiomer(s), conjugated diene monomer(s) and/or acrylate monomer(s). 
Typically^ these latices have glass transition temperatures (Tg) of Jess than 70^C^ 
preferably less than 40'*C, and most preferably less than SS'^C but not less than -lO'^C, as 



fN:\LreZl(K)764:SAK 



la 

measured using a differential scanning calorimeter. Optionally, these iatices can contain 
other polymerizable comonomers, 
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such as ethylenicaily unsaturated carboxylicadd monomers, nitrile monomers, vinyl ester 
monomers, hydroxyatkyi-(meth)acrylate monomers, a(kQxyalkyKmeth)acrylate monomers and 
(meth)acryiamide monomers. 

The sulfur- and halogen- free chain transfer agents useful in the present invention 
5 are the so-called rosins. Typically, there are three types of rosins: (a) Qum rosin which is 

obtained from oleo resin exuded from the wound of living pine trees and distillation of volatile 
turpentine; (b) wood rosin obtained by solvent extraction of pine stump wood along with 
removal of the turpentine by steam distillcition; and (c) tall oil rosin obtained by the separation 
of tall oil using the sulphate or Kraft process. The main components of gum rosin are a number 
1Q of isomeric rosin acids, such as monocarboxylic acids of the alkyl hydrophenanthrene type ^ 
(abietic acid type) having a molecular formula C^gH^O^. 

The preferred rosins for use in the^present invention are the gum rosins. 
Representative gum rosins include acid^containing gum rosins, preferably abietic acid- 
containing gum rosins having a color grade of K, M. or N, preferably WG, WW or X, most 
^ 5 preferably WW, as measured by ASTM method D-509-70. 

The abietic acid-containing gum rosins useful in the present invention are 
employed in amounts of from 0.1 to 15, preferably from 1 to 10, more preferably from 1.5 
weight parts to ©'weight parts, most preferably from 3 weight parts to 6 weight pairts, per 100 
weight parts of total monomers. 
20 Representative monovinylidene aromatic monomers include, for example, 

styrene, a-methylstyrene, p-methyl styrene, t-butyl styrene, and vinyltoluene. Mixtures of one • 
or more monovinylidene aromatic monomers cdn also be employed. The preferred monomers 
are styrene and a-methylstyrene. The monovinylidene aromatic monomer is generatty 
employed in a range from 10 to 80 weight percent, preferably from 25 to 75 weight percentr 
25 most preferalMy from 35 to 70 weight percent* based on the total weight of thr monomers. 

Conjugated ctiene monomers useful t6 prepare iatices (A) or (B) include 
conjugated diene monomers, such as, for example, 1,3-butadiene, isoprene, and 
23-^inriethyl-T,3-butadiene. f^S'^butadiene is preferred in the present invention. Typically, the' 
amount of conjugated diene monomer (^f used) present in the polymerk phase will range from 
30 0 S5 weight percent, preferably 20 to 65 weight percent, more preferably 20 to 55 weight 
percent, more preferably 25 to 51 weight percent, most preferably 25 to 39 weight percent^ 
based on the total weight of the monomers. 

Acryiate monomers useful in the present invention include, for example, n-, iso- 
or tert-alkyi esters of acrylic or methacrylic acid, wherein the alkyl group has from 1 to 20 
35 carbon atoms, the reaction product of (meth)acrylic acid with the glycidyl este? of a neo-acid 
such as versatic, neo-ddcanoic or pivalic acid. Additionally^ acryiate monomers tan include 
adds* esters, amides of the (meth)acrylic acid, and substituted derivatives thereof. 
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Generally, the preferred acryiate monomers are C,-C,^ alkyKmeth)acrylates or 
alkoxy C^-C,^ alky! (meth)acryfates, most preferably C,-Cg alkyi (meth}dcryfates or alkoxy C,-Cj 
alkyl(meth)acrylate5. Examples of such acryiate monomers include n-butyl acryiate, sec-butyl 
acryiate, ethyl acryiate, hexyl acryiate, tert-butyl acryiate, 2-ethylhexyl acryiate^ iso-octyl 

5 acryiate, 4-methyl-2-pentyl acryiate, 2-methylbutyl acryiate, methyl methacrylate, butyl 
methacrylate, n-butyl methacrylate, isobutyl methacrylate, ethyl methacrylate, isopropyl 
methacrylate, hexyl methacrylate, cyclohexyl methacrylate, and cetyl methacrylate, 
methoxyethyi methacrylate, ethoxyethyl methacrylate, methoxyethyl acryiate, ethoxyethyl 
acryiate, butoxyethyl methacrylate, methoxybutyl acryiate and methoxyethoxyethyl acryiate. 

Preferred acryiate monomers are n-butyl acryiate, butyl methacrylate, 
2-ethylhexyl acryiate, and methyl methacrylate, with methyl methacrylate and 
n-butyl acryiate being especially preferred. Frequently, two or more Acryiate monomers are 
used. The alkyJ esters of acrylic or methacrylic acid and alkoxyalkyl(meth)acrylate monomers 
can be employed as a portion of the monomer mixture. 

1 5 Typically, the amount of acrytete monomer (if used) present in the polymeric 

phase will depend on the monomer chosen, however, the typical range will be from 0 to 70 
weight percent, preferably 0 to 60 weight percent, most preferably 0 to 51 weight percent, 
based on the total weight of the monomers. 

It is critical that the combined weight percentage of conjugated diene 

20 mDnomer(s) (componentj(B)) and acryiate monomer{s) (component (C)) ts greater than zero, 
preferably greater than 1 0 weight percent. 

As aforementioned- other polymerizable comonomers include, for example, 
ethylentcally unsaturated carboxyitc acid monomers, nitrite monomers, yinyt ester monomers, 
hydroxydlkyMmeth)acryidte Monomers, dlkoxyalkyi(meth)acryiat0 monomers, 

25 (meth}acrylamtde monomers. 

The ethylentcally unsaturated carboxylic acid monomers suitable for use in the 
present invention include monocarboxyUc and dicarboxytic monomers and their monoesters. 
The addition of such an ethyienlcally unsaturated carboxylic acid monomer has been generally 
found to improve the stability of the latex and adhesion of the latex films which makes them 

30 suitable for use in paper coating formulations. It is preferred for the practice of the present 
invention to use ethylenicaily unsaturated aliphatic mono- or dtcarboxylic acid(s> or acid 
anhydrlde(s> ccs^taining 3 to 5 carbon atoms. Exemplary monocarboxylic acid monomers 
include, for example, acrylic add, methdcrylie add; and exemplary dicarbo)^lic acijd. monomers 
indude, for example, fumaric add, ita0[>riic add, crotonic acid, maieic acid, and maleic 

35 anhydride. 

The usd of ethylenicaily unsaturated carboxylic add monomer affects the 
properties of the polymer dispersion and coatings prepared theiref rom. The type and amount 
of this monomer are determined thereby. Typically, such an amount is from 0 to 20 weight 

-3- 
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percent, preferably 6 to 10 weight percent, most preferably 1 to 10 weight percent, based on 
tfie total weight of the monomers. 

Nitriie monomers useful in this invention include polymerizabie unsaturated 
ahphlftfc nitriie monomers containing 2 to 4 carbon atoms in a linear or branched-chain which 
5 may optionally be substituted with acetyl, or additional nitriie groups. Such nitriie monomers 
include, for example, acrylonitrile, methacrylonitrile, and fumaronitrile, with acrylonitrile 
being preferred. This nitriie monomer (if used) can be included in amounts up to about 25 
parts by weight, preferably 0 to 1 5 parts by weight, based on 1 0,0 total weight parts of 
monomers. 

^0 Vinyl ester monomers useful herein include vinyl acetate, vinyl propionate, vinyl 

butyrate, vinyl benzoate, vinyl 2-ethyl-hexanoate, vinyl stearate/and the vinyl ester of versatic 
acid. The most preferred vinyl ester monomers for use In the present invention is vinyJ acetate. 
Typically, the amount of vinyF ester monomer (if used) presen-t in the polymeric phase will 
range from 0 to 45 weight percent, preferably 0 to 35 weight percent, based on the total 

^ 5 Weight of the monomers. 

The hydroxyalkyl(meth)acrylate monomers useful hereia include hydroxyalkyi 
acrylafe and methacrylate monomers based on ethylene oxide, propylene oxide, or other 
higher alkylene oxides, or mixtures thereof. Examples are hydroxyethyl acryiate, 
hydroxypropyl acryiate, hydroxyethyl methacrylate, hydroxypropyl methacrylate, and 

2Q hydroxybutyl acryiate. Preferred hydroxyalkyi(meth)dcrylate monomers are hydroxyethyl 
acryiate, hydroxypropyl acryiate. and hydroxybutyl acryiate. Typically, the amount of 
hydroxyalkyl(meth)acrytate monomer (if used) present in the polymeric phase will depend on 
the monomer chosen, however, the typical range will be from 0 to T5 weight percent* 
preferably 0 to 1 0 weight percent, most preferably T to 9 weight percent, based on the total 

25 weight of the monomen. 

It has been found that the incorporation of hydroxyethyl acfylate in th# polymer 
latex composition of the present invention further improves the dry pick strength up to about 
2B percent. Therefore^ the use of hydroxyethyl acryiate constitutes a particularly-preferred 
embodiment of the present invention. 

Alkoxydlkyi(meth)acrylate monomers useful in this invention include 
methoxyethyl methacrylate, ethoxyethyt methacryla^, methoxyethyl acryiate, ethoxyethyl 
acryiate, butoxyethyl methacrylate, methoxybutyl acryiate and methoxyethoxyethyl acryiate. 
Prefenred alkoxydlkyl(meth)acryiati» monomers are ethoxyethyl acryiate and methoxyethyl 
acryiate. T^ically, the amount of dlkoxyalkyi(meth)acrylate monomer (if used) present in tKe 

35 polymeric phase will depend on the monomer chosen, howiever, thd typical range will be from 
0 to 65 weight percent, preferably 0 to 45 weight percent, based on the total weight of the 
monomers. 
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(Meth)acrylam'ide monomers useful herein include the am^ies of a,p-oief inically 
unsaturated carboxyiic acids, such as, for example, acrylamide, methacrylamide and diacetone 
acrySamide. The preferred (meth)acrylamide monomer is acrylamide. Typically, the amount of 
(meth)acrylamide monomer (rf used) present in the poJymeric phase wifl depend on the 
5 monomer chosen, however, the typical range will be from 0 to 1 0 weight percent, '^ef erably 0 
to 5 weight percent, based on the total weight of the monomers. 

In one embodiment, the polymer latex composition of the present invention 
comprises styrene. butadiene, itaconic acid, acrylic acid, and gum rosin chain transfer agent. 

In another embodiment, the polymer latex composition of the present invention 
<! Q comprises styrene, butadiene, acryionitrile,. f umaric acid* and gum rosin chain transfer agent. 

In a most preferred embodiment, the polymer latex composition of the present 
invention further comprises hydroxyethyJ acrylate. 

In senerai, the polymer latex composition of the present invention can be 
prepared by polymerization processes which are known in the art, and particularly by the 
^ 5 known latex emulsion polymerization processes, including both seeded and unseeded latex 
polymerization. Representative processes incJwde those described in U.S. Patent Nos. 
4,478,974; 4,751,1 1 1 ; 4,968,740; 3,563,946 and 3.575,913, and German Patent Publication NO. 
1,905,256. Such processes can be adapted as necessary to polymerize the above-described 
monomers. The method of Introduction of the i^sonoiners and other ingredients, such ds 
20 polymerization aids, Is not particularly critical. The polymerization is then carried out under 
conventional conditions until the desired degree of polymerization is achieved. Crosslihkers: 
and the well-known latex polymerization aids such as initiators, surfactants and emulsifierscan 
be used as needed. 

Initiators useful in. the practice of the present Invention include water-soluble 
25 anc*/or oli-solubte Initiators which are effective for purposes of poFymerization. Representative 
initiaton^ are well-known in the art and include, for example, thermal Initiators that are oil- 
soluble, such as higher alkyi peroxides or azo compounds or thermal initiators which are water- 
soluble such as persulf ate; redox pairs including sodium bisulfite and sodium persuifate, 
ferrous ions and a peroxide (Fenton's reagent), cuprous ions and peroxide, and ferrous ions and 
30 sodium persulf ate wherein the peroxides can In lude benzc^ peroxide, hydrogen peroxide, or 
t-butyl peroxide. Examples of oil-soiuble thermal initiators are azobisisobutyronitrile and 
t-butyiperoctoate. 

The initiator is employed in an amount sufficient to initiate the polymerization 
reaction at a desirable rate. In general, the amount of Initiator will range from 0.05 to 5, 
35 preferably 0.1 to 4 weight percent, based on the v^ight of the totalpolymer. Most preferably, 
the amount of initiator is from 0.1 to 3 weight percent, based on the total weight of the 
polymet. 
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Crossitnkers useful in this invention include crosslinkable monomers, such as, for 
example, N-methyloi aoylamide, N-methylol methacr/lamide, glyctdyl acryiate, giycidyl 
methac^yiate, ethylene glycol dimethacrylate, allyl methacrylate, propylene glycx>l 
dimethacrylate, divinylbenzene; and acryloxy alkylsilanes, such as, for example, 
5 o-acryloxypropyl trimethoxysilane. Preferred crosslinkabie monomers, for use in the present 
invention, are aityl methacrylate, giycidyl methacrylate, and acryloxy alkylsilanes. These 
crosslinkabie monomers, if used, are typically employed at leveU of from 0.05 to 10, preferably 
0.05 to 5 weight percent, more preferably 0.05 to 2 weight percent, based on the weight of the 
total polymer. 

Surfactants or em ulsifiers suitable for use herein include tho^e conventional 
surface active agems typically known in the art for polymerization processes. The surfactdnt(s) 
can be added to the aqueous phase and/or monomer phase. An effective amount of surfactant 
in a seeded process is that amouht selected to assist in stabilizing the particle as a coitoid, 
minimizing contact between, the particles and preventing coagulation. In an unseeded process^ 

^5 an effective amount of surf actantwill be that amount selected to influence the particle size. 

Representative surfactants include saturated and ethyJenically unsaturated 
sulfonic acids or salts thereof, including, for example, hydrocarbonsulf onic acids, such as, 
vlnylsu4f onic acid, allyisuifonic acid,, and methallylsulf onic add, and salts thereof; aromatic 
hydrocarbon-sulfonic acids, such as, for example, p-styrenesuhfonic acid, isopropeny^benzene- 

2Q sulfonic acid, and vinyloxybenzenesulf onic atid, and salts thereof; sulfoaikyl esters of acrylic 
acid and methacrylic acid, such as, for example, sulfoethyl methacrylate and sul^opropyl 
methacrylate and salts thereof; and 2-acrylamido-2-methylpropdnesulfonfC add and saHs 
tfiereof; alkylated diphenyl^xide.disulfonaites, sodium dodecyl benz:ene sulfonatesand dihexyl 
esters of sodium sulfosucdntc add, ethoxylatedalkyF phenols and ethoxylated alcohols. 

2g The type and concentration of surfactant is typically dependent on the pofymer 

solids level. A higher polymer solids level will generally increasethe need for surfactant. 
Typically, the surfactant is employed in amounts of from 0.05 to 20, preferably fronfi 0.Q5 to 1Q, 
more preferably from-O.QS to 5* parts by weight, based on the total weight of the monomers. 
Various protective colloids rhay also be used in place or in addition to the 

30 surfactants described above. Suitable colloids include partially acetylated polyvinyl alcohol, 
casein, hydroxyethyl starch, carboxymethyl cellulose, hydroxyethyl cellulose, hydroxypropyl 
cellulose and gum arable The preferred protective colloids are carboxymethyl cellulose, 
hydroxyethyl cellulose and hydroxypropyl eeilufose. In general, these protective colfoids are 
used at levels of 0 to 10, preferably 0 to 5, more preferably 6. to 2 parts by weight, based on the 

35 total we ight of the monomers. 

Various other additives and ingredients known to those skilled in the art cart be 
Incorporated to prepare the latex compositions of the present invention. Such additives 
include, for example, antl-foamtng agents, wetting agi?nts, thickeners^ plasticizers, fillers, 
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pigments, crossiinkers, antioxidants and metal chelating agents may be used. Known anti- 
foaming agents include silicon oils and acetylene glycols. Common known wetting agents 
include alkyiphenol ethoxylates, alkali metal dialkyi sulphosuccinates, acetylene glycols and 
alkali metal alkyl sulphates. Typical thickeners include polyacrylates, polyacrylamides, xanthan 
5 gums, modified celluloses or particulate thickeners such as silicas and clays. Typical plasticizers 
include mineral oil, liquid poiybutenes, liquid polyacrylates and lanolin. Zinc oxide, titanium, 
dioxide, aluminum hydrate, calcium carbonate, and ciay are typically employed fillers. 

The following examples are given to illustrate the invention and should not be 
interpreted as limiting it in any way. Unless stated otherwise, all parts and percentages, are 
1 0 given by weight. 

The monomers employed to prepare the latex compositions according to the 
present invention are chosen in such a manner to prepare latex compositions having a glass 
transition temperature ranging from -1 0*^0 to 35**C. 
Example 1 
15 A) Preparation of the Latex 

Aseries of latices (Latices 1-16) is prepared by emulsion polymerizing a monomer 
composition of 157 weight percent styrene, 39 weight percent butadiene, 1 weight percent 
itaconic acid, 3 weight percent acrylic acid, in the presence of 0.6 parts by weight Of surfactant 
DOWFAX* 2At (trademark of The Dow Chemli^t Company.) and varying amounts and types of 
2o rostn chain transfer agents. The polymerization is carried out as a seeded radical emulsion 
polymerization with a particte size range of 1 20 to 140 nanometers (nm) at a temperature 
between 80'Cto SO^'C 

In Examples 11,13 and vl6 where 3 weight percent of 2-hydroxyethyl acrylate 
(KEA) is employed^ the amount of styrene ts decreased to 54 weight percent 
25 Comparative Examples A and B 

The procedure of Example 1 A is repeated using TDDM as chain transfer agent 
(Latex A) or no transfer agenjt (Latex B). 

The latices 1 to 16» A and B are evaluated for their properties failowing the test 
procedures below and the results are shown in Table I. 
30 Glass Transition Temperature (Td) 

The glass transition temperature Is measured with a Dlffen^ntfal Scanning 
Calorimeter DSC 3D, comn^eecially avalfab>% from Mettter. 

The latices are poured into 40 microliter (|xl) aluminum cups, dried overnight at 
room temperature, and then for one hour at 1 0O^C to remove residual traces of moisture. The 
35 measurements are carried out in a temperature range of *30''C to 70°C at a heating rate of 
1 0^'C/min. The glass transition is given as th6 midpoint of the DSC curve. 
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Gel Content and Sweitinq index 

The gel content measures the soivent-insolubie fraction of the polymer. The 
sweinng index measures the amount of solvent absorbed by the sofvenM'nsoiuble fraction of 
the polymer. For the determination of gel content and swelling index (SWI) of the polymer 

5 latices of the present invention, toluene is used as the solvent. 

Dry films are made from the latices adjusted to pH 8. A dry latex film having a 
weight (A) is swollen for 24 hours with toluene. The toluene-insoluble wet gel is then 
separated by filtration and its weight determined (B). After drying the wet gef, the dry gel is 
determined (C), 

^0 The percent gel is given as: 

% gel = weight dry gel (C) xlOO 

weight of latex film (A) 

The swelling index is given as: 

SWI = weight wet gel (B) - weight dry gel (C) x TOO 

. weight of dry gel (C) 

B) Preparation of Paper Coating Formulations 

Latices A, 8| 9, 1 1 2, an<j 1 3 are formulated into two types of formulations: a TOO 

percent clay formulation (Formulation 1, 60 percent solids and pH.7*&) and a 50/50 percent 

clay/calcium carbonate formulation (Formulation It,. 62 percent solids and pH 8.5). Each 

formulation is then coated onto base papertiaving a weight of 71 g/m^ at a coat weight of 12 

The coated paper is evaluated according to the following test procedures and the 
results are shown in Table II. 
Gloss 

Gloss is measured using d Zehnter ZLR-1050 instrurnent at an angle of 75°. A black 
25 standard \% used for calibration. 
K a N (Percent Prop in Brightness) 

This test measures the ability of the paper surface to absorb printing Inks, The 
test is carried out on a Elrepho 2000 instrument 

K & N ink is applied with a metallte spatuium^to the Idwer half of a coated 
3D paper test strip. After 2 minutes. of penetration time, the ink is wiped off wi^ ti$sge paper. 
The brightness is then measured in both areas of the paper test strip, that is, the area with Ink 
and the area without ink. To obtain the K & N percent drop in brightness, the brightness of tJie 
area with ink is subtracted from the brightness of the area without ink (original brightness) and 
the result diwded by the original brightness multiplied by 100« 
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fGTDrv Pkk 

This test measures the ability of the paper surface to accept the transfer of ink 
wrthout picking. The test is carried out on an A2-type printability tester, commercially available 
from Reprotest BV. 

5 Coated paper test strips (4 mm x 22 mm) are printed with inked aiuminum 

printing disks at a printing pressure of 36 Newtons (N) with the pendulum drive system and the 
high viscosity test oil (red) from Reprotest B V. After the printing is completed, the distance 
where the coating begins to show damages ts marked under a stereomicrQscope. The mariced 
distance is then transferred onto the IGT velocity curve and the velocities in cfh/s are read on 

1 Q the used drive curv^. 
Wet Pick (NWP) 

This test measures the occurrence of picking in the preser^ce of water introduced 
in the printing process^ 

Two coated paper test strips ar-s divided in three equal sections. The middle 
15 section of ont strip is wetted with 1 2 mm^ of water. This strip is then printed with a test ink 
commercially available under the trade designation Huber Rupftestf arbe Nq, 3 and designated 
as "original print.* Then, an ofi-prlnt onto the second paper strip is made which is designated 
"off-print." The densities of both paper strips are measured with a densitometer using a red 
filter. The densitometer is commercially available from G/etag. The d&nslties are measured at 
20 the side position of the original p^'^lnrt (without water) (A), atthe middle position of the original 
print (with water) (6), at the side position of the off-print (without water) (C), and at the 
middle posrtton of the off-print (D). The wet pick is calculated using thd following equation: 

X ^ ink transfer ^ ]»/A x tOO {%) 

Y ^ inkrefuMi =s IjPO-D-fXxO x 100(%) 

(100 X A) 

Z = wetpick = 100-X.Y{%) 
Ink Set-Off (ISO) 

This test is u§ed to determine the Ink setting rate ^n paper surface. The test is 
carried out on a Pruefbau Test Printing unit. 

Coated paper test strips (4.5 cm x 23 cm) are inked with test paint commerciaHy 

30 

available under the trade designation Huber Wegssihlagtestfarbe No. 52006$ at a printing 
pressure of T»000 N and at a speed of 1.5 m/s. After printing, the test strips are transferred to 
the set-off disk. A standard set-off pai^r strip ^commercial designation is Kunstdruckpapier 
APCO WU 150 g/m^ availai>le from Scheuf e1en» Germany) is placedA:between the printed test 
strip and the set-off disk. After 1 5 seconds, the set-off disk is moved over the test area. The 

35 

density of the set-off strip is measured with a densitometer from Gretag> using a blue filter. 
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Ink G>QSS 

Thi$ test is carried out on a Pmefbau Test Printing unit with Lorilleux Red ink Mo. 

8588. 

0.8 g/m^ ink are applied on coated paper test strips mounted on a long rubber 
5 former with a steel printing disk. The pressure of the inking system is 1,000 N and the speed is 1 
m/s. The printed strips are dried for 12 hours at 20**C/55 percent minimum room humidity. The 
gloss is then measured on a Zehnter ZLR-1050 instrument at an angle of 75^ 
Odor Test 

The odor of the clay coated paper samples Of this invention is tested in odor panel 
1 Q sessions comparing the odor of these coated paper samples (test samples) with that of two 
mercaptan-free reference samples in a so-caiied "blind triangle test." the first task of each 
odor panel member is to identify the test sample from a set of three samples. Having 
completed this, each member is asked to give the identified sample a hedonic rating on d scale 
1 to 5 (1 = very unpleasant, 5 = v^ery pleasant). The reference sample is given a relative odor 
1 5 rating of 3. Each odor panel consisted of five experienced members. 

The test results given in Table Ifi indicate (1) whether a statistlcaify significant 
identification of the test sample has been achieved, and, if so, (2> the average of the hedonic 
ratings of the panel members. 
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Table I 
Latex Properties 



Latex or 
Comp. Ex. 


si^e (nm) 


ppw^ 


SbI-ICIII 1 IIOII9l%7l 

Agent (ppw) 


T9,«C 


Set,% 


SWI 


A* 


140 




TDDM3(0.7) 


5.0 


88 


4.5 


B* 


140 






15.5 


100 


3.4 


t 


140 




AbA* (0.5) 


12.6 


95 


3.0 


2 


140 




AbA(I.O) 


12.8 


96 


3.1 


3 


140 




AbAd.S) 


12.1 


94 


3.7 


4 


140 




TOR* (1.5) 


10.4 


97 


2.5 j 


5 


140 




TOR (3.0) 


12.4 


96 


3.2 


6 


140 




S* 


12.9 


96 


2.5 


7 


140. 







14.6 


96 


2.5 


8 


i4d 




CeR*(3.0) 


8.0 


94 


4.1 


g 


120 




CGR (3.0) 


7.8 


96 


4.0 


10 


130 


rn — 


CGR (4.5) 


8.7 


90 


5.1 


: 11 


120 


3r.o 


C€R(4.5) 


9.5 


93 


5.2 


12 


110 




CGR (4.5) 


9.8 


92 


4.8 


13 


110 


3.0 


CGR (4v5) 


8.9 


92 


5.5 


14 


140 




CGR (6.0) 


8.8 


87 


6.0 


15 


120 




CGR (6.0) 


8.9 


88 


5.9 


16 


110 


3.0 


CGR (6.0)^ 


8.7 


88 





* Not an exafmple of th^ present Inventlofl 

1 HEA IS l^droxye^yl acrylate 

2 ppw is parts per weight, based-on 100% monomers 
als^ TDDM Is tert-dodecytmercaptan 

4 AbA is sodium salt of abietic acid 

5 TOB is tali oil rosin 

-6 S is a jparttally hydrogenated rosin, commerdatly available from Hercules Inc 
Ij^er the trade designation StaiybeKte 

7 FL iS^a hydrOgenated rosin, commercially available from Heroiles Inc under the 
trade designation FORALAX-E 

8 CGR & ^inese gum rosin 
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As readliy apparent from the data in Table I* the use of Chinese gum rosin (CGR) 
has a pronounced effect on the g^^^i content and the polymer swelling: Increasing amounts of 
CGR lead to a decrease in gel content, whereas the swelling index is increased. Moreover, the 
glass transition temperatures are not significantly influenced by varying the amounts of CGR. 
5 Furthermore, a comparison of Examp)e 1 2 with Example 1 3 clearly dempnstrate the additional 
benefit obtained by the incorporation of 3.0 parts by weight of hydroxyethyl acrylate. 



Table II 

Properties of The Paper Coating Formulations 



10 



15 



20 



25 



1 Form, or 
1 Comp. 

J. Form. 

n 


Gloss, % 

i 


1 

K&N. % 


I6T. cm/s 


NWP, 
% 


ISO density 


intc \9iQss, 


1 


66 I 




75 . 1 


AK 

\ 45 


0.27 


82 


1 ^1 


66 


6.1 




1 " 


0.25 










80 1 


i. " . 


0.30 




1 ■»''-' 






92 i 




1 0.32 1 


r »' 


1 




r *•» 


80 j 




0.31 1 




1 13-1 


6S " 




102 


1 " 


0.31 






1 


I 10.6 1 




1 ^ 


0.1« 


at 


1 




10.t ] 




1. "^ 


1 0.07 


r. « 1 


9-11 


64 




'93 




0.07 






61 


mo j 




I '36 


0.14 1 


1 78 


12-H 


61 


10.2 1 




i, 36 


0.10 1 


! «i 1 


13-H 


62 




1 ^0* 1 


f ,6 


0.08 


80 1 



^ Not an example of the present invention. 



As apparent froifi the data shown Irvtable II, th$ use of ^hin#s^ guiti roiih does 
not affect sigtnificantly the gloss, K & N JSO and ink gloss prc^erties of the coating 
30 formulations. To the contrary. If compared to Comparative Formulations A*l and A*!!, the 
coating formulations of the present invention show comparabk 3bod properties. Further 
improvements aret^bservecLwhen 2-hydroxyethyl acrylate is incorporated in the latex 
09mipDsition« 

35 



-12- 



wo 95/02087 



PCT/US94/07622 



Table HI 



Latex 


Statistically significant 
identification 


Odor Rating 


A 


Yes 


1.94 


9 


No 




12 


Yes 


2.8 



*Not an example of the present invention. 

10 

As readily apparent from Table/fll« the paper coated with latex containing TDDM 
(Comparative Example A) has given an inferk>r odor rating compared to the paper coated with 
the TDDM-f tee reference latex. The pdper coated wth the gum rosin modified latex of the 
present invention (Latex 9), however, shovMd no differentiation compared to the paper coated 

^5 with the TDDM-free reference latex. The paper coated with the gum rosin modified latex of 
the present invention (Latex 1 2), shows asimiiar odor rating compared to the paper coated 
with theTDDM'free reference tat^x, and a superior odor ratrng compared $o the paper coated 
with the latex containing TOOM (Comparative Example A). 
Example 2 

2Q A) Preparation of the Latex 

Another series of tatices (Latices 1 7-24>) is prepared followingrthe procedure of 

Example 1 A. 

In Example^ 7 and 1 9 v^ere 3 weight-percent of 2-^ydr0xy^thyl acrylate (HE^ is 
employed, the amt>unt of styrehe is decreased to 54 weight percent. 
25 Comparative Exam ptes C and D 

The procedure of Example 1 A is repeated using TDDM as chain transfer agent 
(Latices O or no transfer agent<Latex D). 

The tLatices 17-20, C and D are evaluated for their properties and the results are ^ 
shown in Table IV, 
3Q B) Preparastion of Paper CoatlnQTormuiations 

Latices 25-28 ^miC and D are formulated into tveto types of formulations: a 100 
percent clay formulation (Formulation U 60 percent soRds and pH 7.S) and a 50/5d percent 
day/calcium carbonate formulation (Formulation 11, 62 percent solids and pH 8.5). Each 
formulation Is then coated onto base paper having a weight of 71 g/m' at a toait weight of 1 2 

The coated paper is evaluated according to the following test pr^eduif^s and the 
resaH^ are shown in Table V. 

-13. 
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TABLE tV 
LATEX PROPERTIES 



5 



10 



Latex or 
Comp. 
Ex. 


Particle 
size 
(nm) 


hea; 

ppw^ 


Chain Transfer 
Agent (ppw) 


j — ^ 


Gel, % 


SWI 


C* 


140 




TDDM' (0.7) 


5.7 


85 


5,9 


D* 


140 






12.3 


97 


1.8 


17 


120 


3.0 


CGR*{1.0) 


7.7 


96 


3.0 


18 


120 




CGR(I.O) 


10.9 


96 


3.0 


19 


120 


3.0 


CGR (9.0) 


8.0 


83 


8.B 


2a 


120 




CGR (9.0) 


6.5 


83 


7.9 



Not an example of the present invention. 

HEA is.hydroxyethyl acrylate 

ppw is parts per weight, based on 100% monomers 

TDDM is tert-dodecylmercaptan 

CGR is Chinese gum rosin 



AS readily apparent from the data in Table iV, the use of Chinese gum rosin (CGR) 
influences effect on the gel content and the polymer sweHtng. Accofliihg to the results given in 
Table increasing antaunts of CGR lead to a decrease in gel content and to an increase in the 
swelling index. Tfe^, latices containing as tittle as 1 part by weight of CGR (Exempli^ 1 7 and 18) 
show an increase in sweHrng compared^to a latex without a diain transfer agent (Comparative 
Example D)« At the same time, latices cdntaining.^ muth as 9 parts by weight of CGR 
(Examples t9 and 20) show even lov^r gel contei^ and much higher swelling indices than a 
mercaptan chain transferred latex (Comparative Example C). 



30 
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Table V 

Properties of The Paper Coating Formulations 



10 



15 



Form, or 
Comp. 
Form. 


Gioss, % 


K & N, % 


IG J . cm/s 


NWPi % 


ISO density 


Ink Gloss, 

% 




i J 


7 c 


67 


A7 




R6 
OO 




/ o 




JO 


on 




flO 




/ 1 




67 


77 






1 o-l 


•75 




67 


60 


n A7 


fiQ 


1Q-I 


i 




OXJ 




W.3^ 






IS 






DO 


U.J 1 


Ql 










52 


0 1>^ 




D-ll* 


7Q 


10.6 


41 


95 


0.04 


84 


17-IJ 


67 


5.3 


71 


85 


0.09 


87 


18-11 


69 


6.6 


62 


81 


0.05 


83 


19-11 


64 


10.4 


103 


40 


.0.05 


79 


20-11 


64 


9.2 


77 


20 


0.03 


79 



* Not an example of the present invention. 



As apparent from the data shown in Tables IV and V, latlces containing as little as 
one part gum rosin already show a suhstantial improvement In dry and wet pick compared to a 
latex prepared without a chain transfer agent. Furiherfnore« even at higher concentrations, 
that is, 9 parts rosin, the iatices prep^ed according to the present invention show dry pick 
advantages in Formulation S and wet pick advarvtages in Formulation II compared to a latex 
prepared with a mercaptan-based chain transf er ag^nt. 
Examples 

A> fireoaration of the Latex 

Another series of Iatices (Latices 21 dnd 22) is prepared by dmulsfon polymertefng 
a monomer composition of 49 weight perceht styrene, 35 weight percent butadiene, 1 1 weight 
percent acryionitrile and 3 weight percent fumaric acid. In the presence of 0.52 parts by weight 
of surfactant DOWFAX* 2A1 (trademark of The Dow Chemical Co.) and 6 parts by weight of 
gum rosin chain transfer agent. The polymerization is carried out as in Example 1A at a 
temperature of B5'*C. 
Comoarative Examole E 

The procedure of Example 3A is repeated except for using carbontetrachloride 
(CrC) as chain ^ansfef ageht (Latex E). 
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The latices 21. 22, and E are evaluated for their properties and the results are 
shown in Table VL 

B> Preparation of Paper Coating Formutations 

Latices 21, 22, and E are formulated into formulations I and II following 
5 procedures of Examples 1 6 and also a 30/76 percent ciay/calcium carbonate formulation 

(Formulation III, 63 percent solids and pH 8.5). The formulation is then coated onto base paper 
having a weight of 71 g/m^ at a coat weight of 1 2 g/m^ 

The coated paper is evaluated according tp^the above-described test procedures 
and the results are shown in Table VII. 

10 

TABLE VI 
LATEX PROPERTIES 



Latex or 
Comp. 
Ex. 


Particle 
' size 
(nm) 




Cham Transfer 
Agent (ppw) 




Gei, % 


SWI 


E* 


160 


13 


CTC'{6.0) 


24 


84 


6.2 


21 


100 


13 


CGRM6.0) 


30 


94 


4.0 


22 


130 


13 


CGR (6.0) 


26 


93 


4.0 



^ Not an example of the present invention. 

^ VCN = acrylonitrile 

^ CGR = Chinese gum rosin 

' CTC = carbontetrachloride 

^CGR = Chinese gum rosin 
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TABLE VII 

PROPERTIES OF THE PAPER COATING FORMULATIONS 



5 



10 



15 



Comp. 
Forin. 


Gloss, % 


K & N. % 


IGT, em/s 


NWP, % 


ISO density 


Ink Gloss, 

% 


E-l* 


76 


9.5 


68 


46 


0.71 


92 


21-1 


75 


8.7 


46 


28 


0.69 


90 


22-1 


77 


6.5 


43 


81 


0.58 


89 


E-il* 


70 


14.5 


78 


4 


0.24 


88 


21-H 


70 


n.7 


51 


5 


0.35 


87 


22-il 


71 


13.9 


61 


7 


0.15 


86 


E-m* 


67 


17.1 


91 


3 


0.14 


81 


21-111 


64 


16.0 


83 


5 


0.07 


81 


22-111 


67 


16j0 


77 


31 


0.05 


82 



* Not an example of the present invention. 
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The claims deflning the invention are as follows: 

1. A polymeric latex composition having a glass transition temperature 
between -lO^'C and 70^*0 prepared with a sulfur- and halogen-free chain transfer agent 
comprising, in polymerized form, (A) from 10 weight percent to SO weight percent of 
monovinylidene aromatic monomer(s); (B) from 0 weight percent to 65 weight percent of 
conjugated diene monomex(s); (C) from 0 weight percent to 70 weight percent of aery late 
monomer(s); and (D) the remaining amount of ethylenically unsaturated carboxylic acid 
monomers, nitrile monomers, vinyl ester monomers, hydroxyaIkyl(meth)acrylate 
monomers, alkoxy alky i(meth)acry late monomers or (meth)acrylamide monomers; with the 
proviso that the combined weight percentage of components (B) and (C) is greater than 
zero and wherein the sulfur- and halogen-free chain traitsfer agent is an abietic acid- 
containing rosin. 

2. Polymeric latex composition of claim 1 wherein the sulfur- and halogen- 
free chain transfer agent is an abietic acid-containing gum rosin. 

3. Polymeric latex composition of claim 1 or claim 2 wherein component (A) 
is styrene, component (B) is butadiene, component (D) is an ethylenically unsaturated 
carboxylic acid. 

4. Polymeric latex composition of any one of claims 1-3 further comprising 
from 1 to 9 weight percent, based on the total weight of the monomers, of a 
hydroxyalkyl(meth)acrylate monomer, 

5. Polymeric latex composition of claim 4 wherein the 
hydroxyalkyl(meth)acryIate monomer is hydroxyethyl acrylate. 

6. Polymeric latex composition of any one of claims 1-5 wherein the 
monomer composition is styrene« butadiene, itaconic acid, acrylic acid, and gum tosin. 

7. Polymeric latex composition of claim 6 further comprising hydroxyethyl 
acrylate. 

8. Polymeric latex composition of any of the preceding claims 1-5 wherein 
component (C) is a nitrile monomer and is employed in amount of 1 to 20 weight percent. 

9. Polymeric latex composition of claim 8 wherein the nitrile monomer is 
acrylonitrile. 

10. Polymeric latex composition of claim 9 wherein the tnonomer composition 
IS styrene, butadiene, acrylonitrile, fumaric acid, and gum tosin. 

11. The use of a polymeric latex composition of any one of claims I-IO in 
paper coating applications. 

12. A polymeric latex composition having a glass transition tensperature 
between -lO^C and 70®C prepared with a sulfur- and halogen-free chain transfer agent, 
substantially as hereinbefore described with reference to any one of the Examples i>ut 
excluding the Comparative Bxanlples. 
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Paper coated with a latex of any one of claims 1 to 10 or 12. 

Dated 5 August, 1997 
The Dow Chemical Company 

Patent Attorneys for the Appiicant/Nonninated Person 
SPRUSON & FEI^^GUSON 
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